Do behaviors and neuronal networks that control them evolve together in lockstep, or do separate selection processes lead to their evolution? New research, dissecting the swim motor networks in two related nudibranch species, seeks to answer this question.
When we see related species performing similar stereotyped behaviors, as for example elements of courtship displays in ducks [1] or of nesting behavior in love birds [2] , we understand that these behaviors have a common genetic basis: they are homologous. It is further relatively easy to envision how such behaviors, as overt manifestations of phenotype, can evolve; how they can be conserved or be diversified across related species by natural or sexual selection. What about the underlying neuronal networks that program these behaviors? Are they selected together with the behaviors so that they evolve together, or do separate processes lead to the selection of neuronal networks in evolution? Work published recently in Current Biology [3] compares the networks that program lateral undulatory swimming movements in two related species of nudibranch mollusks, Melibe leonina and Dendronotus iris (Figure 1 ) [3] . It builds on a body of work dissecting these networks in cellular detail [4] to address whether neuronal networks and the behaviors they control co-evolve.
Neuronal networks, known as central pattern generator networks (CPGs), that produce stereotyped motor programs, such as locomotion, breathing, heartbeat, and chewing, have long been the subject of intense investigation [5, 6] . Progress has been facilitated in invertebrates because their nervous systems comprise many fewer neurons than those of vertebrates, and their neurons are uniquely identifiable, by position, morphology, transmitter phenotype, and functional properties. Such neurons can be recognized across related species because they share these properties and are thus thought to be homologous [4] . Vertebrates share similar cell types across species, for example the pyramidal cells in the mammalian hippocampus that are similarly thought to be homologous.
From theoretical studies, we understand that many different network configurations can potentially lead to an observed network output that programs a specific behavior [7, 8] . This understanding has been confirmed within the stomatogastric nervous system of crustaceans that controls chewing, where it has been clearly demonstrated that different modulators can configure CPG networks differently to produce the same motor output [9] . Could different network configurations underlie homologous behaviors in related species? If so, then a case could be made that behaviors and their underlying neuronal networks have evolved separately.
The new work on the swim CPGs of Melibe and Dendronotus knits together two strands -homologous behaviors and homologous neurons -to assess this possibility ( Figure 1 ) [3] . Both species contain three homologous pairs of interneurons, termed Si1, Si2, and Si3 [6] . In Melibe, all three pairs are integral to the swim CPG and side-to-side mutual inhibition is the dominant network motif. The Si1s and Si2s are electrically coupled ipsilaterally, forming an independent oscillatory kernel based on side-to-side mutual inhibition; the Si3s also form an oscillatory kennel based on mutual inhibition. There are key excitatory connections from the Si2s to their contralateral Si3s, and inhibitory feedback from the Si3s to their contralateral Si1s and Si2s. This configuration leads to side-to side alternation of action potential bursts in the three pairs when sensory stimulation evokes the swim motor pattern; ipsilateral Si1 and Si2 burst in synchrony, but with contralateral Si3 bursts slightly lagging as it requires excitation from the contralateral Si2. Si3 in turn helps to terminate the contralateral Si2 burst.
In Dendronotus, the Si1s are only loosely involved, if at all, in generating the swim motor program, but they are electrically coupled to one another and to the Si2s bilaterally. The Si2s are mutually inhibitory side-to-side as are the Si3s. The Si2 and Si3 pairs are linked by contralateral electrical coupling and excitation from the Si3s to the Si2s. This configuration leads to side-to side alternation of action potential bursts in the Si2 and Si3 pairs when sensory stimulation evokes the swim motor pattern; contralateral Si2 and Si3 burst in synchrony. Thus homologous behaviors are controlled by neurons that are homologous but that have different network connectivities.
Sakurai and Katz [3] made two manipulations to show that these different connectivities lead to different mechanisms for motor pattern production, and that the neurons themselves (their electrical properties) are functionally equivalent. The Si3s appear to be uniquely cholinergic in these networks, and their synaptic effects both excitatory and inhibitory can be blocked by curare, so the Si3s can be pharmacologically deleted from the networks; indeed they can be deleted also by bilateral hyperpolarization. Any pharmacologically blocked synapse can then be added back with the dynamic clamp technique [10] ; indeed de novo connections between neurons can be created with dynamic clamping.
In Melibe, Sakurai and Katz [3] observed that curare does not block swim program production in the Sis, but reduces its frequency drastically. Restoration of the Si3 inhibitory connections to the Si1s with dynamic R718 Current Biology 27, R702-R719, July 24, 2017 ª 2017 Elsevier Ltd.
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Dispatches clamping restores the rhythm to its normal frequency. Hyperpolarization of the Si3s had a similar effect as curare. Thus in Melibe, there are indeed two kernels composing the CPG, one capable of independent bursting (Si1s and Si2s) and the other not. Together these two kernels are necessary for production of a swim motor pattern of normal frequency, presumably because excitation of Si3 by contralateral Si2 is critical for Si3 excitability and thus inhibitory feedback to the rest of the network.
In Dendronotus, Sakurai and Katz [3] found that curare blocks swim program production in the Sis. Restoration of the Si3 inhibitory connections to the Si1s with dynamic clamping restores the rhythm to its normal frequency. Bilateral hyperpolarization of the Si3s had a similar effect as curare, and bilateral hyperpolarization of the Si2s left the Si3s unable to burst. Thus in Dendronotus, there is only one oscillatory kernel composing the CPG. Excitation within this kernel provided by the Si3s is essential for rhythmic activity, presumably providing overall excitability to the network.
In a very clever set of experiments, Sakurai and Katz [3] pushed the Dendronotus system further, blocking the Si3 synapses and configuring in the S1s with dynamic clamping to make Melibelike networks that produce rhythmic bursting. They found that the electrical coupling is more influential than the mutual inhibition in artificially configuring the functional network (compare [11] 
